Pectic substances have generally been thought to be the principal binding agents between plant cells (12) . These pectins are considered to be largely pectic acid because the middle lamella stains with ruthenium red (8) . Ginzberg (7) considers that protein and metals are also important binding agents between the cells of the root tip of Alaska pea seedlings. There is, however, a need for further examination of the middle lamella. Setterfield and Bayley (12) in a recent review state, "it has been widely accepted that the middle lamella is principally composed of pectates, but the evidence needs reexamination as it rests mainly on nonspecific extraction and staining procedures." Recently, one of us (14) has devised a technique to separate and isolate living mesophyll cells from tobacco leaves with a commercial pectinase preparation. This preparation, derived from a culture filtrate of Rhizopus tritici, contains a number of enzymes in addition to those which hydrolyze pectins. We have further purified an enzyme from this material with enhanced activity in separating cells. From a study of the substrate specificity of these enzymes we have concluded that the binding of tobacco leaf mesophyll cells is indeed largely a function of pectic acid. Calcium ions appear also to be associated with the intercellular cement.
Materials and Methods
En)zyme Puirification. Nutritional Biochemicals Corporation (NBC) pectinase was dissolved in icecold distilled water in a ratio of 1 g to 10 ml of water. Insoluble material was removed by centrifugation at top speed in a clinical centrifuge. Ethanol (-20°) was added slowly until the concentration was 30%; the precipitate which formed was sedimented at top speed in a clinical centrifuge and then triturated to a paste with 0.0067 Mi Na and K phosphate buffer, pH 7 Polygalacturonase activity was measured by titration of reducing groups with the iodine-thiosulfate method (9) . The pectin and pectic acid used in these measurements were obtained from the Nutritional Biochemicals Corporation. Pectic acid with the carboxyl groups esterified with methanol was prepared according to the method described by Kertesz (8) . When the reaction was completed, the product was dialyzed to remove low molecular weight material. Pectin was partially deesterified by raising the pH of the solution to 11.0 with NaOH for a few minutes and then returning it to pH 4.0 with HCl.
Proteolytic activity of the enzymes was determined with Kunitz's nmethol by observing the rate of hydrolysis of purified casein (10).
Results
Cell Separation. Figure 1 shows the time course of release of cells from tobacco leaf pieces. Cell production with 0.2% NBC pectinase is almost linear with time for 1 SS hours after which no more cells are liberated from the leaf pieces. The time course of cell liberation with the purified enzyme preparation is remarkably different, however. Little cell production is observed in the first half hour of incubation after which the rate of cell production becomes similar to that observed with NBC pectinase. Both preparations yield the same final number of cells. With NBC pectinase, a 0.2% solution of enzyme is the minimum concentration which will achieve maximum cell yield. purified enzyme during the first half hour of shaking.
The addition of 0.001 M EDTA overcomes this lag and the curve for production of cells superimposes the curve obtained with NBC pectinase. These results suggest that the NBC pectinase may contain a binding agent similar in action to EDTA which is removed upon purification of the cell-separating enzyme.
Several preparations of purified enzyme exhibited no lag in the initial rate of cell production. It Cell yield, and the rate of cell yield are affected by the pH of the enzyme solution during shaking. With both NBC pectinase and the purified enzyme, 2 maxima were observed. Figure 3 shows this effect with the purified enzyme. In this case, the leaf pieces were shaken for 1 hoursr. A curve similar to figure 3 was obtained when the initial cell separation rates were determined with only 20 to 40 minutes of shaking. The separation of cells at all pH's required the presence of enzyme, precluding any nonenzymic separation at low pH. Low pH drastically alters the microscopic appearance of the cells indicating that they are injured. Routinely, therefore, cells were prepared at pH 6.2.
Weintraub and Ragetli (13) reported the use of NBC pectinase to isolate the local necrotic areas produced in response to infection by TMV on certain species of tobacco. They reported cell-separating enzyme activity at higher pH's than those observed by Zaitlin (14) . A sample of their enzyme was kindly supplied by M. Weintraub and its activity was compared with that of our sample of NBC pectinase. Weintraub's enzyme preparation was considerably more reactive than ours at pH 7.0 (and at pH 6.2), Values expressed as in figure 1.
suggesting variation between batches of NBC pectinase. in separating cells is suggestive that more than just the simple degradation of pectic acid is required for cell separation. The purified enzyme was tested for pectin methyl esterase activity by the titration method (9) . No activity could be detected. No proteolytic activity was found in the purified enzyme, although NBC pectinase, equivalent in cell-separating activity had proteolytic activity equal to 0.5 Rg trypsin per mg, at pH 6.2. Discussion The middle lamella has been considered to contain principally pectic acid or calcium and magnesium pectates (5) . The results obtained in this study with the separation of tobacco leaf cells are in general agreement with this classical concept. It should be stressed, however, that the conclusions drawn from our experiments relative to the nature of the intercellular cement are probably of limited general applicability. Our work was done with recently mature tobacco leaves, taken from greenhouse-grown plants prior to the formation of visible flower buds. Our experience has shown that undefined conditions of plant growth influence the separation reaction with NBC pectinase or purified enzyme. Also, the middle lamella of leaves of several species of plants are not attacked by NBC pectinase (14) . There is evidence to show that in some species pectin, rather than pectic acid, is concentrated in the middle lamella. Albersheim et al. (3), for example, have demonstrated pectin in the middle lamella of onion root tips. Avena coleoptiles are also rich in pectin (2). Our enzyme will not separate cells from either of these tissues.
Ginzburg (7) millimeter of a root is largely a tissue which is specialized to slough off as the root extends (6) , and which might reasonably be expected to be more friable than other plant tissue.
The middle lamella of tobacco leaves is apparently not a region of constant composition. Small amounts of calcium, but surprisingly not magnesium, interfere with the cell separation reaction (fig 3) . It is conceivable that the variability in the response of tobacco leaf tissue to separation by pectinase could reflect the variability in the amount of calcium in the middle lamella. The role of EDTA in overcoming the variability in tissue response to separation by pectinase, and in enhancing the initial rate of cell production with the purified enzyme supports this contention. EDTA does not enhance the activity of the purified enzyme on pectic acid itself. In fact, 0.001 M% EDTA inhibited the reaction rate about 10%. Apparently, the effect of EDTA and calcium ion on the cell separation reaction reflects the binding of calcium in vivo, implying that the calcium associated with the middle lanmella is rather transitory.
Summary
A commercial pectinase preparation has been used to separate large quantities of living tobacco leaf cells from each other. An enzyme which is effective in the separation of the cells has been isolated fromt this preparation. This partially-purified enzyme is 10 to 15 times as active (protein basis) as the comlmercial preparation. The enzy me is very effective in hydrolyzing pectic acid, while completely esterified pectic acid is not attacked. It has no proteolytic activity. From the substrate specificity of this enzyme it is suggested that the material binding the leaf cells together is pectic acid with few carboxyl groups esterified. The reaction appears to be complex, however; cell separation involves more than the simple cleaving of pectic acid. On occasion, the enzyme is not very effective in separating cells, but full activity is restored with 0.001 Mr ethylenediaminetetraacetic acid. Calcium ion but not Na, K, or Mg interferes in the cell separation reaction at low concentrations. It is suggested that the calcium associated with the middle lamella is rather transitory.
Introduction
Plant scientists have been quite responsive in adapting new instrumental techniques for solving problems in their respective fields of interests. Yamada et al. (10) and Mederski (6) showed the efficacy of utilizing the nondestructive beta ray gauging technique for determining leaf thickness and moisture status of plants. It is surprising, however, that greater use is not made of this method. The technique has been used routinely in industry (4), but the industrial equipment is not readily adaptable for use on plants since the design and performance requirements of the 2 fields of interests are quite different. We planned to use such instruments for studying the water economy or balance in plants.
Since it is anticipated that greater use of the method will be made in studies of plant-water relations, it was deemed necessary that a more comprehensive investigation of the beta ray gauging technique be made. This involved A) the selection of a suitable beta ray source, source strength, and detector system, B) the -design of equipment suitable for laboratory and field use, and C) the testing of the gauge using plants under controlled environmental conditions.
Theory. The interaction of beta rays with matter 'Received June 10, 1963. has been adequately discussed by Siri (9) . Within certain limits the attenuation of beta rays through matter for a given radioisotope follows a relation similar to that for gamma radiation. This behavior can be related to the following exponential expression: The absorber thickness is determined for plant materials by measuring the fresh weight of a unit area of leaf. Since a major portion of this weight consists of water, changes in water content of the leaf will thus be closely reflected by changes in absorber thickness.
The sensitivity, i.e., the change in count rate per unit change in absorber thickness is dI= _Ioi0e-R II and we see qualitatively that increased sensitivity can be obtained by increasing both the incident radiation and the mass absorption coefficient. However, the choice of the radioisotope based on the largest value of A cannot be made indiscriminately.
